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Abstract

Farm digitalization is transforming agriculture by enhancing productivity, sustainability, and efficiency 
through advanced technologies like sensors, AI, and data platforms. However, its adoption generates both 
opportunities and challenges, shaped by stakeholders’ diverse perceptions of costs and benefits. This study 
explores these dynamics using insights from 18 living labs across Europe, where farmers, policymakers, and 
technology providers co-developed digital solutions. Findings reveal digitalization’s potential to optimize 
decision-making, promote sustainability, and foster innovative business models while also highlighting 
significant financial, social, and operational barriers. Economic concerns — such as high initial costs, unequal 
access, and fears of technological obsolescence — emerged as critical adoption barriers, particularly for small 
farms. Non-economic challenges include steep learning curves, trust deficits, and the risk of alienating farmers 
from hands-on practices. The study underscores the need for inclusive policies, targeted financial support, 
infrastructure development, and farmer-centred training programs to address these challenges. By fostering 
trust, collaboration, and equitable access, stakeholders can ensure that farm digitalization benefits all, aligning 
with European sustainability goals. This paper offers actionable insights for policymakers, agribusiness 
leaders, and researchers seeking to navigate the complexities of digital transformation in agriculture.
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1. Introduction

Farm digitalization is increasingly recognized as a transformative force in modern agriculture, with the 
potential to enhance productivity, efficiency, and sustainability (e.g., Ceccarelli et al., 2022; European 
Commission, 2021). By integrating advanced technologies such as sensors, drones, robotics, and data-driven 
decision-making tools, digitalization enables farmers to optimize resource use, improve yields, and address 
pressing challenges such as climate change and food security (e.g., European Commission, 2020a; Finger, 
2023). However, the adoption of digital technologies is not without its complexities, especially when viewed 
through the diverse perspectives of stakeholders involved in agricultural systems (e.g., Hilbeck et al., 2022). 
Farmers, technology providers, policymakers, cooperatives, and advisors often approach digitalization with 
varying expectations, priorities, and concerns, resulting in both opportunities and tensions (e.g., Carolan, 
2017; Zscheischler et al., 2022). This study examines these dynamics, focusing on stakeholders’ perceptions 
of the costs and benefits of digitalization in agriculture.

Despite growing attention to farm digitalization in academic and policy discourses, there is limited 
understanding of how stakeholders collectively perceive the trade-offs associated with this transition. 
While existing studies have highlighted the potential benefits associated with the adoption of digital tools 
in agriculture — such as improved decision-making, resource efficiency, and market access (e.g., Krutilin 
et al., 2020; Njuguna et al., 2025) — they have also pointed to significant challenges, including high upfront 
costs, infrastructure deficits, data security concerns, and unequal access to technology (Ajena et al., 2020; 
Carolan, 2017; de Vries, 2023; Rotz et al., 2019; Stone, 2022). These issues are particularly pronounced 
in the context of Europe’s agricultural sector, which is marked by diverse farm sizes, production systems, 
and socio-economic contexts (European Union, 2020b). This paper builds on and extends this body of 
literature by exploring stakeholder perceptions in 18 living labs across Europe, encompassing a wide range 
of agricultural settings and digital technologies.

The concept of living labs — real-life, user-centred innovation ecosystems — provides a unique methodological 
lens for this study. These labs bring together farmers and other stakeholders to co-create and test digital 
solutions, fostering an environment for shared learning and problem-solving. By analyzing insights from 18 
focus group discussions conducted within these labs, this paper uncovers critical insights into stakeholders’ 
concerns and priorities. Particular attention is given to understanding the trust dynamics between farmers 
and other stakeholders, the resource and skill requirements for successful digital adoption, and the broader 
implications of digitalization for agricultural practices and governance systems.

The findings presented in this paper are not only timely but also crucial for informing the design and 
implementation of policies and interventions that support equitable and sustainable farm digitalization. As 
Europe seeks to modernize its agricultural sector in line with the European Green Deal and other sustainability 
initiatives, understanding stakeholder perspectives is essential to address barriers to adoption and foster 
collaborative approaches. The paper aims to contribute to this effort by presenting a nuanced analysis of the 
costs and benefits of digitalization as perceived by diverse stakeholders.

The subsequent sections outline the methodology employed in this study, present the key findings from the 
focus group discussions, and engage in a critical discussion of the results, situating them within the broader 
context of farm digitalization literature. Finally, the paper concludes with practical recommendations for 
policymakers, technology developers, and researchers, emphasizing the importance of trust-building, capacity 
development, and inclusive governance in advancing digitalization in agriculture.

2. Perceptions of the costs and benefits of farm digitalization: literature review

Farm digitalization marks a transformative era in modern agriculture, incorporating advanced technologies 
such as precision farming tools, digital irrigation systems, and data analytics to enhance farm management 
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practices (e.g., Hareendran and Albaaji, 2024). The integration of these innovations entails diverse costs and 
benefits, perceived differently by various stakeholder groups, including farmers, policymakers, agricultural 
enterprises, cooperatives, researchers, consultants, and other experts. This literature review explores academic 
insights into stakeholder perspectives on the adoption and impact (perceptions of costs and benefits) of farm 
digitalization.

2.1 The perceptions of benefits and opportunities of digitalization

From an economic standpoint, digitalization enables farmers to lower costs through the efficient use of 
inputs such as water, fertilizers, and pesticides. Ferrari et al. (2022) highlight that the deployment of novel 
information and communication technologies (ICT) in rural areas prioritizes cost reduction alongside 
productivity enhancements (Barnes et al., 2019; Barrett and Rose, 2022; Van Evert et al., 2017). For instance, 
precision farming facilitates real-time crop monitoring, enabling targeted interventions that conserve resources 
while boosting yields. Similarly, another study found that 84% of surveyed Brazilian farmers recognized 
productivity gains as a significant advantage of adopting digital technologies (Bolfe et al., 2020). Additionally, 
Schroeder et al. (2024) reported that German stakeholders viewed digitalization as a means to enhancing the 
agricultural sector’s public image, optimize costs, and drive productivity improvements. The use of digital 
technologies in farm management is shown to improve the profitability of farming enterprises. Studies by 
Van Evert et al. (2017) and Weersink et al. (2018) indicate that smart farming technologies generate higher 
returns on investment by improving productivity, thereby increasing profitability for farmers and benefiting 
stakeholders across the agricultural value chain.

Digitalization offers the potential to increase farm productivity by improving access to valuable knowledge 
(Klerkx et al., 2019) and enhancing the speed and precision of decision-making and practices (Astill et al., 
2020; Eastwood et al., 2019; Klerkx et al., 2019; Rose and Bruce, 2018).

Digital technologies transform labour in agriculture by reducing the reliance on manual work, thereby making 
farming less labour-intensive and enabling farmers to concentrate on strategic decision-making. These 
advancements offer a solution to the agricultural sector’s skilled labour shortage, as robots and machines 
increasingly take on tasks traditionally performed by workers (Bac et al., 2014; Lowenberg-DeBoer et al., 
2020). In the horticultural sector, Schroeder et al. (2024) observed that digitalization improved working 
conditions, reduced physical strain, and helped address labour shortages. This aligns with broader automation 
trends, where robotics and machines substitute human labour in high-intensity areas such as greenhouses 
and fruit production (Carolan, 2020; Rotz et al., 2019). From a socio-economic perspective, the advantages 
include reduced manual labour, increased productivity (Ferrari et al., 2022), decreased burdensome tasks, 
and enhanced time management (Regan, 2019). Giua et al. (2022) found that Italian farmers exhibit a strong 
preference for adopting smart farming technologies (SFT) believed to enhance productivity, cost efficiency, 
and sustainability, particularly when these tools are user-friendly and endorsed by trusted individuals within 
their social networks, such as peers and fellow farmers. For agricultural employees, technological integration 
contributes to improved job satisfaction, reduced stress, and alleviation of physically demanding tasks 
(Schroeder et al., 2022).

Environmental benefits represent a significant advantage of digitalization in agriculture. Precision farming 
technologies reduce the environmental impact by curbing the overuse of inputs, which can otherwise degrade 
soil and water quality, offering a pathway toward environmental sustainability (Edan et al., 2023; Garske 
et al., 2021; Koutsos and Menexes, 2019). Zanin et al. (2022) demonstrated that precision technologies 
effectively decreased pesticide uses without compromising yields. Furthermore, automation facilitates the 
targeted and efficient application of water and fertilizers, reinforcing sustainable agricultural practices (Edan 
et al., 2023; Garske et al., 2021). These automated efficiencies, along with foundational digital innovations 
like mobile-based advisory services, contribute significantly to the sustainable intensification of agriculture 
(Lindblom et al., 2017; Silvestri et al., 2021). By enhancing precision and control, technology minimizes 
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long-term human impact on ecosystems, including vegetation and animal populations (da Rosa Righi et al., 
2020; Rolandi et al., 2019).

2.2 The perceptions of costs and challenges of digitalization

Despite the numerous advantages, farm digitalization presents significant costs and challenges. A primary 
obstacle lies in the financial burden of adopting advanced technologies. Barnes et al. (2019), Regan (2019), 
and Ferrari et al. (2022) highlight that the high initial investment required for purchasing machinery, 
equipment, and software often discourages farmers, particularly smaller operators with limited financial 
resources. Bolfe et al. (2020) and Geppert et al. (2024) observed that farmers in Brazil and stakeholders 
in Germany, respectively, identified the high costs of acquiring machinery, equipment, software, and 
connectivity as major barriers to the widespread adoption of digital tools. This issue is further supported by 
Schroeder et al. (2024), who noted that larger farms benefit more from digitalization and are less impacted 
by the high costs associated with adopting new technologies. Moreover, the substantial initial costs tied to 
implementing precision agriculture technologies remain a critical challenge to broader adoption (Barnes 
et al., 2019; Barrett and Rose, 2022).

Another significant challenge facing farm digitalization relates to the digital divide. Limited internet access 
in rural areas presents a substantial barrier to adopting IoT-based technologies, which depend on stable 
connectivity for optimal performance (Bacco et al., 2019). In regions with poor or unstable internet connections, 
such as remote rural areas, farmers experience isolation and struggle to fully utilize digital platforms (Hackfort, 
2021). This issue is also identified as a key impediment to technology adoption by farmers and agricultural 
service agencies in both Germany (Geppert et al., 2024) and sub-Saharan Africa (Choruma et al., 2024). In 
addition to connectivity and cost challenges, digitalization raises concerns about data security and privacy. 
As the agricultural sector becomes increasingly reliant on data-driven technologies, issues surrounding data 
ownership, management, and security have gained prominence (Ferrari et al., 2022; Geppert et al., 2024). 
Van der Burg et al. (2019) and Regan (2019) note that uncertainty over control of farm data can erode trust, 
potentially delaying the adoption of smart farming tools. Moreover, the ethical and social implications of 
technology, including the risks of data exploitation and market monopolization by large ag-tech companies, 
have emerged as significant concerns (Zscheischler et al., 2022).

Socio-cultural factors significantly influence resistance to digitalization in agriculture. Traditional farming 
values, particularly among older or less tech-savvy populations, often conflict with the adoption of new 
technologies. In Ireland, adherence to traditional agricultural practices and scepticism towards technology 
could hinder digitalization efforts (Regan, 2019). Trust issues further complicate adoption, as noted by Van 
der Burg et al. (2019) in their study on the ethics of smart farming. Additional challenges include the lack 
of digital communication processes for data transfer within local authorities and ministries, along with 
persistent incompatibility between digital devices and existing agricultural technologies (Geppert et al., 
2024). These cultural barriers are often compounded by educational gaps, as many farmers lack the technical 
skills required to effectively operate digital tools (Ferrari et al., 2022; Robertson et al., 2007). To address 
these challenges, Geppert et al. (2024), Ranjan et al. (2022), and Kernecker et al. (2020) emphasize the 
critical role of educational initiatives and training programs in overcoming the obstacles faced by farmers 
in adopting Digital Smart Technologies (DTS).

3. Methodology

3.1 Data collection

This study employed a qualitative research approach to examine stakeholder perceptions of the social, 
economic, and environmental costs and benefits of farm digitalization. Data were gathered through 18 focus 
group (FG) meetings conducted in 18 Living Labs (LLs) across Europe from late 2023 to early 2024. The  



Iliopoulos et al.� Volume 28, Issue 3, 2025

547
International Food and Agribusiness Management Review

18 Living Labs (LLs) spanned diverse European agroecological zones: Northern/Continental (e.g., Germany, 
Belgium) emphasized precision tools, while Southern/Mediterranean LLs (e.g., Greece, Italy) prioritized 
labour inclusivity. Smallholder-dominant LLs (Latvia, North Macedonia) faced acute cost barriers, contrasting 
with cooperative-rich LLs (France, Spain) where shared platforms mitigated risks. The key characteristics 
of the digitalization technologies of each living lab are summarized in the Appendix (Table A1).

The focus groups were structured to capture stakeholder insights on the challenges and opportunities posed 
by increasing farm digitalization, including specific costs, benefits, and anticipated future issues. A follow-up 
round of focus group meetings is planned for 2025 to capture the dynamic evolution of these perceptions.

Participants were selected by LL leaders following criteria designed to ensure diversity in age, gender, 
professional roles, and levels of influence. Focus groups included farmers (with and without experience 
in farm digitalization), policymakers, farm advisors, and other specialists such as technology providers 
and researchers. Each group comprised 6–10 participants and lasted 45–90 minutes, moderated by trained 
facilitators to foster an inclusive and candid discussion environment. Brief reports summarizing insights were 
prepared shortly after each event and, together with translated transcripts, were reviewed independently by 
two researchers to ensure consistency.

Two online training sessions were conducted for LL leaders and facilitators in July and September 2023, led 
by knowledgeable researchers. The first session provided guidance on identifying and inviting stakeholders, 
creating a conducive discussion environment, and logistical preparations. The second session focused 
on moderating discussions effectively and post-event reporting. Detailed instructions, including a list of 
semi-structured questions, were provided to ensure consistency across LLs. Prior to this, the research team 
obtained ethics approval by the Ethics Committee of their organization.

The focus group discussions addressed topics such as the implications of digitalization for farming activities, 
environmental sustainability, income and welfare, gender equality, and associated costs and benefits. Moderators 
were instructed to ensure participant anonymity and to debrief after each session to summarize key insights. 
Transcripts or detailed notes, translated into English, were submitted to the research team subsequently.

After collecting data from each focus group, transcripts and debriefing notes were categorized by country 
and Living Lab (LL). Three researchers documented the economic, social, and environmental costs and 
benefits identified in participants’ responses, along with the problems anticipated as agricultural digitization 
advances. Each researcher conducted the documentation independently, and the results were cross-checked to 
ensure accuracy. Entries included participants’ occupations and details of the farm digitalization technologies 
introduced in each LL.

The methodology aimed to analyze focus group discussions to understand stakeholders’ perceptions of the 
costs and benefits of farm digitalization. The analysis followed thematic-content data analysis principles, 
ensuring a thorough examination of qualitative data (Blakeman et al., 2013).

Data analysis involved open coding and categorization based on the research questions. Transcripts were 
read multiple times to identify key themes related to participants’ perspectives (Adler and Clark, 2011). 
Words and phrases from participants were grouped into thematic categories, with themes derived inductively 
from the discussion topics (economic, social, and environmental costs and benefits of digitalization). Two 
researchers conducted independent reviews, noting phrases and ideas addressing each question. They 
subsequently collaborated to generate and refine major and minor thematic categories. This collaborative 
process ensured that the identified themes accurately represented participants’ views on the costs and benefits 
of farm digitalization.
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A summary of the emergent themes and other findings was sent to participants for validation. They did not 
correct or identify any unaccounted-for themes.

In this paper, all quotations from participants are indicated in italics, with the respondent identified by living 
lab and, whenever available, profession, gender and age. Abbreviations on each professional occupation 
are listed in Table 1.

Table 1. The key characteristics of focus group participants.
A/A LL Gender Age 

(average)
Education Occupation

1 Agdibi LL Female (7×), 
Male (6×)

34 B.Sc (1×), M.Sc (6×), 
PhD (4×)

FM (2×), Farmer (1×), SE (2×), 
VT (2×), PA (2×), AS (1×), 

2 Agrifood 
ILVO LL

Female (1×), 
Male (9×)

39 B.Sc (2×), M.Sc (5×), 
PhD (2×)

FA (1×), Farmer (4×), TP (2×), 
DP (1×), PA (1×)

3 Agroecology 
LL

– – – DIP (1×), FA (2×), TP (3×), RE 
(2×), IC (1×), CF (2×), PO (2×)

4 Appetit LL Female (5×), 
Male (5×)

– – Farmers (4×), PM (4×), DV (1×)

5 Orchard LL – – – –
6 Grassland 

Label LL
– – – –

7 Greek LL (9×) – – –
8 Greenhouse 

LL
(7×) – – FA (1×), Farmer (1×), PM (1×), 

Professor (1×), TP (2×), TPM 
(2×)

9 Hutton LL Female (5×), 
Male (4×)

– – FA (1×), Farmer (5×), Co-op 
(1×), PA (3×)

10 LL Soil 
Scanner 

Female (1×), 
Male (7×)

38 M.Sc (5×), PhD (3×) FA (1×), Farmer (3×), SE (1×), 
PM (1×), NGO (1×)

11 Latvia LL – – – –
12 Lit Ouesterel Female (1×), 

Male (4×)
37 A level (1×), M.Sc 

(3×), PhD (1×)
Veterinarian (1×), Farmer (1×), 
TA (2×), RE (1×)

13 New Edu LL Female (7×), 
Male (5×)

43 – FA (2×), Farmer (5×), PM (4×), 
ISE (1×)

14 Occitanum 
Sheep LL

Female (7×), 
Male (14×)

45 A level (7×), B.Sc (6×) 
M.Sc (7×), PhD (1×)

FA (6×), Farmer (10×), DA (3×), 
R&D (2×)

15 Occitanum 
Viti LL

Female (4×), 
Male (8×)

38 A level (2×), B.Sc (4×) 
M.Sc (6×)

FA (7×), Farmer (4×), R&D (1×)

16 Pecorino 
Toscano 

(14×) – – RE (2×), Farmer (3×), TA (3×), 
Professor (2×), FA (3×), PR (1×)

17 Ramas LL Female (6×), 
Male (4×)

35 B.Sc (7×), M.Sc (2×), 
PhD (1×)

RE (2×), Farmer (3×), FA (1×), 
PM (3×), SE (1×)

18 Smart 
Villages 

Female (4×), 
Male (4×)

38 A level (3×), B.Sc (3×) 
M.Sc (1×), PhD (1×)

RE (2×), Farmer (3×), FA (2×), 
PA (1×)

FM, Farm Manager; SE, Social Expert; VT, Vocational Teacher; PA, Policy Advisor; AS, Agricultural Student; FA, Farm Advisor; 
TP, Technology Provider; DP, Drone Pilot; DIP, Digitalisation Platform; RE, Researcher; IC, Innovation Centre; CF, Consultancy 
Firm; PO, Producer Organisation; PM, Policy Maker; DV, Development; TPM, Technical Product Manager; TA, Technical Advisor; 
ISE, Irrigation System Expert; DA, Digital Advisor; PR, Pecorino Representative; SE, Sustainability Expert.
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4. Results

A total of 148 Individuals participated in the focus group discussions. The median age was 48 years (range 
22 to 57 years). Seventy participants (47.30%) identified themselves as female, and 48 (20.27%) as male, 
while the remaining 30 participants (20.28%) chose not to disclose their gender. Professions represented in 
the sample are listed in Table 1. In the discussion on the benefits of farm digitalization, three key themes 
emerged, whereas the subsequent discussion on its costs revealed nine distinct themes.

4.1 Perceptions of the benefits of farm digitalization

The benefits of digitalization are clustered around improving operations, opening up new business opportunities, 
and redefining the social and professional image of farming. Time savings and decision-making support stood 
out most prominently, often overlapping with broader goals of efficiency and competitiveness (Table 2).

Time

The theme of Time emerged prominently in the focus group discussions, underscoring the transformative 
potential of digitalization in agricultural practices through data-driven decision-making, efficiency gains, 
and real-time data utilization. Participants across different countries consistently emphasized the ability of 
real-time data and automation to cut down manual effort, enhance planning, and support quicker decisions. 
These insights suggest that the perceived time benefits of digitalization are both practical and strategic, 
contributing directly to long-term farm sustainability. Illustrative quotes for this theme are provided in 
Appendix Table A2.

New business models in agriculture

Digitalization is enabling transformative business models in European agriculture, enhancing decision-making, 
sustainability, and efficiency through precision technologies like sensors and data analytics. These innovations 
improve productivity (e.g., optimized feed systems in France, soil scanners in Hungary) while modernizing 
agriculture’s image to attract diverse talent and markets. Beyond operational gains, digital tools foster direct 
consumer engagement and circular practices — signalling a shift from pure production to value-driven, 
resilient farm enterprises. Illustrative quotes for this theme are provided in Appendix Table A3.

Good to be a digital farmer

The advent of digital technologies has transformed the agricultural sector, offering significant advancements. 
Digital tools are making farming a more attractive, efficient, and sustainable profession. Key benefits include 
enhanced job satisfaction, streamlined operations, and greater inclusivity — helping modernize agriculture’s 

Table 2. Focus group themes and subthemes: benefits of farm digitalization
Theme Subthemes

Time Data driven decision making; efficiency gains; enhanced planning and management 
with real time data

New business models Enhanced decision making and management; sustainability and security; efficiency and 
simplification; competitiveness and productivity

Good to be a farmer Professional attraction and sense of belonging; visualization and transparency; 
administrative efficiency and speed; inclusivity and cooperation; healthier production 
and sustainability
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image and engage younger generations. These advancements demonstrate how technology can revitalize 
the sector while supporting environmental and social sustainability. Illustrative quotes for this theme are 
provided in Appendix Table A4.

Across the themes of time efficiency, emerging business models, and professional identity, the benefits 
of digitalization are widely acknowledged. However, many of these advantages depend on effective 
implementation, trust in systems, and the ability of farms — especially smaller ones — to adapt. These 
conditions often preview the challenges discussed in the subsequent section.

4.2 Perceptions of the costs of farm digitalization

The focus group discussions on the costs of farm digitalization highlighted nine major themes: trust issues, 
time and resource challenges, risks in farm digitalization, the changing role of farmers, energy concerns, 
ownership and governance, access issues, information for decision making, and state support and education 
(Table 3).

Trust issues in farm digitalization

Trust barriers significantly hinder agricultural digitalization, with farmers often viewing governments, tech 
providers, and consultants with scepticism. Concerns range from inadequate infrastructure and hidden costs to 
unreliable post-sale support, creating an “us vs. them” dynamic. Restoring confidence will require transparent 
communication, user-centric designs, and demonstrable reliability to align stakeholder priorities and enable 
successful technology adoption. Illustrative quotes for this theme are provided in Appendix Table A5.

Time and resource challenges

Small farms face disproportionate challenges in adopting digital agriculture, including limited staffing, 
steep learning curves, and inadequate infrastructure. While larger operations can absorb these demands by 
hiring specialists, smaller producers often find digital tools create more complications than benefits due to 
interoperability issues, rapid obsolescence, and poor connectivity. Targeted support programs, simplified 
technologies, and improved rural infrastructure are essential to make digitalization viable for farms of all 
scales. Illustrative quotes for this theme are provided in Appendix Table A6.

Table 3. Focus group themes and subthemes: Costs of farm digitalization
Theme Subthemes

Trust issues in farm digitalization Trust issues among farmers and governments; trust issues among farmers 
and tech providers; trust issues among farmers and consultants; key 
concerns and anxieties; information and decision-making

Time and resource challenges New human resources needed; the learning curve theory anxiety; 
obsolescence of technology; infrastructure for digitalization; time 
investment

Risks in farm digitalization Economic risks; operational risks; technological reliability and 
obsolescence; data security and private risks; practical application and user 
resistance

The changing role of farmers Detachment from traditional farming; new vision for farming; skills needed 
for modern farming; obsolescence of traditional skills; new forms of 
collaboration

Ownership and governance Who pays/owns; who controls; who benefits; responsibility for losses 
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Risks in farm digitalization

The adoption of digital technologies in agriculture faces significant barriers, including economic burdens, 
technological obsolescence, data security risks, and operational complexity. Smaller farms are particularly 
vulnerable, struggling with high upfront costs, maintenance demands, and integration challenges. Additionally, 
regulatory compliance and resistance to changing practices further hinder adoption. To ensure equitable 
digitalization, policymakers and providers must address these concerns through financial support, training, 
interoperable technologies, and transparent governance frameworks. Illustrative quotes for this theme are 
provided in Appendix Table A7.

The changing role of farmers

Digitalization is transforming farmers’ roles, shifting focus from hands-on labour to hybrid skills in technology 
management and data-driven collaboration. While this transition enhances efficiency, it risks detaching farmers 
from traditional fieldwork and requires continuous upskilling to keep pace with evolving tools. Successful 
adaptation depends on support systems that bridge conventional expertise with digital competencies, foster 
collaborative platforms, and promote lifelong learning — ensuring agriculture’s sustainability without losing 
its foundational practices. Illustrative quotes for this theme are provided in Appendix Table A8.

Ownership and governance

Farm digitalization raises critical governance questions regarding cost distribution, control, and benefit-sharing 
among stakeholders. Farmers face financial burdens and uncertainty over technology ownership, data rights, and 
risk liability, with concerns that agribusinesses may disproportionately benefit. Clear governance frameworks, 
equitable financing models, and protective policies are needed to ensure fair participation and risk mitigation 
for all actors in the digital transition. Illustrative quotes for this theme are provided in Appendix Table A9.

The focus group discussions on the costs of farm digitalization uncovered a multifaceted landscape of 
challenges, ranging from trust and governance issues to resource limitations and access barriers. These 
themes underscore the complex interplay between technological advancements and the structural, social, and 
economic contexts in which they are implemented. The following section synthesizes the findings, placing 
them within a broader discussion to explore their implications and potential pathways forward.

5. Discussion

The findings from the focus group discussions underscore the significant benefits that farm digitalization 
brings to the agricultural sector, particularly in enhancing decision-making efficiency, fostering sustainability, 
and enabling the emergence of innovative business models. A comparative analysis reveals both shared and 
unique insights across the 18 Living Labs, aligning with and expanding upon existing literature.

To strengthen the alignment with existing scholarship, this section expands on how our findings both 
confirm and challenge prior studies. For instance, while Van Evert et al. (2017) and Ferrari et al. (2022) 
emphasized the efficiency benefits of precision farming, our results highlight regional nuances — such as the 
emphasis on transparency in Southern Europe — that extend their conclusions. Similarly, while Eastwood 
et al. (2019) discuss cloud-based farm advisory systems, our findings point to gaps in institutional trust that 
remain unresolved, especially in smallholder contexts. These insights suggest that trust and usability remain 
underdeveloped aspects in the current literature.

The theme of time emerged as a central benefit of digitalization. Participants across Europe emphasized 
how real-time data and AI-powered tools expedite decision-making processes, streamline operations, and 
enhance planning precision. These findings resonate with Ferrari et al. (2022), who highlight digital tools’ 
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ability to reduce time spent on repetitive tasks and improve resource management. Specific examples, such 
as France’s focus on the reliability of real-time data and Germany’s use of AI to process large datasets, 
illustrate practical applications of these benefits. Similarly, Bolfe et al. (2020) noted productivity gains 
stemming from improved decision-making facilitated by digital technologies.

These findings align with the Technology Acceptance Model (TAM) (Davis, 1989) and Diffusion of Innovations 
theory (Rogers, 2003), which posit that perceived usefulness and ease of use are critical to adoption. The 
emphasis on timesaving and efficiency gains reflects TAM’s core construct of perceived usefulness, while 
regional variations in adoption priorities (e.g., technical efficiency vs. inclusivity) resonate with Rogers’ 
emphasis on compatibility with local values. However, the persistent cost and trust barriers highlight gaps 
in these frameworks, suggesting the need to integrate institutional trust (Feldman and Quick, 2009) and 
resource-based view (Barney, 1991) theories to explain disparities in digitalization uptake. This theoretical 
synthesis underscores that benefits alone are insufficient; structural and perceptual factors mediate the 
translation of potential into practice.

Furthermore, stakeholders in Hungary and Italy highlighted how digitalization not only saves time but also 
enhances transparency and accountability. This supports Van Evert et al.’s (2017) conclusion that precision 
farming technologies improve the speed and accuracy of decision-making, enabling timely interventions. 
Additionally, Schroeder et al. (2024) observed similar advantages in Germany, where stakeholders identified 
digitalization as a tool for managing complexity and optimizing labour.

Digitalization is fostering new business models that prioritize efficiency, sustainability, and competitiveness, 
a trend confirmed by the discussions. Innovations like precision farming and integrated data platforms are 
revolutionizing farm operations. For example, French participants cited the profitability gains of precise feed 
delivery systems, while Hungarian stakeholders discussed soil scanners’ role in optimizing fertilizer use. 
These findings align with Rose and Bruce (2018), who emphasize that smart farming technologies contribute 
to higher returns on investment and greater economic resilience.

The focus on sustainability in the discussions also corresponds with studies such as Edan et al. (2023), 
which link precision technologies to reduced environmental impacts. Polish stakeholders’ emphasis on 
traceability enhancing food safety mirrors findings by Zanin et al. (2022), who demonstrated the potential 
for digital tools to minimize pesticide use without compromising yields. Moreover, the potential of digital 
tools to attract new talent, particularly younger generations and women, supports Schroeder et al. (2024), 
who documented how digitalization reshapes agriculture’s image and workforce.

The discussions also revealed how digital tools promote inclusivity and cooperation, particularly by reducing 
physical labour demands and fostering collaboration through shared platforms. Participants from Greece 
and Italy emphasized the accessibility of agriculture to women and youth, a perspective echoed by Regan 
(2019), who notes that technological integration alleviates burdensome tasks and improves job satisfaction. 
Additionally, environmental benefits, such as resource efficiency and reduced chemical inputs, align with 
Garske et al. (2021), reinforcing the role of digitalization in advancing sustainable farming practices.

These findings provide a detailed understanding of the benefits of farm digitalization, confirming previous 
research while also highlighting regional differences and practical examples that enrich our knowledge of 
its transformative potential. The findings also highlight a complex interplay of perceptions regarding the 
costs of farm digitalization, shaped by financial, temporal, operational, and social considerations. Across 
the 18 living labs, stakeholders — particularly farmers — consistently raised concerns about the economic 
and non-economic costs associated with digital transformation. These findings echo and extend existing 
research on the financial and operational burdens of adopting agricultural technologies while shedding light 
on stakeholder perspectives.
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Economic concerns dominated the discussions, with farmers emphasizing the substantial financial investment 
required for adopting and maintaining digital technologies. This aligns with studies by Klerkx et al. (2019) 
and Bronson (2021), which similarly highlighted high initial costs and ongoing maintenance expenses as 
significant barriers to digital adoption in agriculture. Farmers in smaller operations were particularly vocal 
about affordability challenges, noting that while larger farms might absorb the costs by employing specialized 
staff, smaller farms often lack the resources for such investments. This disparity reflects findings in the 
literature that highlight a widening gap in technology adoption between small and large farms, contributing 
to uneven digitalization across agricultural systems (Regan, 2020).

A noteworthy addition from the focus groups is the apprehension about technological obsolescence. Farmers 
fear that rapid technological advancement will render their investments obsolete within a few years, a concern 
not extensively covered in earlier studies. For example, while previous research has addressed the financial 
risks of adopting emerging technologies, less attention has been paid to how the pace of technological 
change exacerbates these risks. Farmers’ experiences suggest that strategies to enhance the longevity and 
adaptability of digital tools are urgently needed.

The results also underscore the significant non-economic costs of digitalization, particularly in terms of time 
and required skills. Farmers expressed frustration with the steep learning curves and the additional workload 
introduced by digital technologies, such as managing data and maintaining devices. These findings are 
consistent with Eastwood et al.’s (2017) analysis, which found that the time-intensive nature of adopting and 
utilizing digital tools often deters farmers from embracing them. However, the present study goes further by 
highlighting the intersection of time constraints with farmers’ sense of professional identity. Many participants 
lamented the shift from hands-on farming to screen-based tasks, which they perceive as alienating.

The need for continuous training and upskilling was another recurring theme. Similar to the findings of 
Higgins et al. (2017), participants emphasized the importance of equipping farmers with digital competencies. 
Yet, the focus group discussions add depth to this discourse by revealing how smaller farms, in particular, 
struggle to keep up with these demands. This highlights the need for tailored training programs and support 
mechanisms that address the unique challenges faced by different farm sizes and contexts.

The discussions also revealed significant social costs, particularly trust-related issues, which further complicate 
the adoption of digital technologies. Farmers expressed scepticism toward technology providers, governments, 
and even consultants, citing concerns over transparency, hidden costs, and a lack of reliable post-sale support. 
These findings align with studies by Rotz et al. (2019), which emphasize the role of trust in shaping farmers’ 
willingness to adopt new technologies. However, the degree of distrust reported in the focus groups appears 
to be particularly pronounced, pointing to an urgent need for more transparent and accountable practices 
from stakeholders involved in the digitalization process.

Notably, trust-related challenges also intersect with economic concerns, as farmers perceive hidden costs and 
inefficiencies as threats to their financial stability. The fragility of trust, as captured in the statement “A farmer’s 
trust is hard to gain and easy to lose,” underscores the delicate balance required to foster collaboration and 
confidence in the digital transition. This finding suggests that addressing trust issues should be a cornerstone 
of strategies aimed at facilitating digital adoption in agriculture.

Although transaction cost economics (TCE) offers valuable tools for designing governance systems to 
address contractual hazards and, thus, mitigate lack of trust issues, our data suggest this may be insufficient. 
Emotional and moral dimensions of trust also play a pivotal role. Farmers consistently raised concerns about 
fairness, transparency, and post-sale support — elements that extend beyond formal governance. Integrating 
perspectives from relational governance and institutional trust may offer a more comprehensive framework 
for future studies and policy design.
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The findings emphasize the need for multi-pronged approaches to mitigate the perceived costs of farm 
digitalization. Financial incentives, such as subsidies or low-interest loans, could help offset the initial 
investment and maintenance expenses, particularly for smaller farms. At the same time, fostering collaboration 
among farmers, technology providers, and policymakers is essential to build trust and develop user-centric 
solutions. Infrastructure improvements, such as enhancing internet connectivity and integrating digital 
systems, are equally critical for reducing operational burdens.

Additionally, the results highlight the importance of education and training programs tailored to farmers’ 
diverse needs. Such programs should focus not only on technical skills but also on building farmers’ 
confidence in navigating digital tools. Finally, addressing technological obsolescence through modular and 
upgradable solutions could alleviate fears of wasted investments, ensuring that digital tools remain relevant 
and cost-effective over time.

Several categories — including collaboration, technological infrastructure, and labour transformation — 
emerged as both benefits and costs across different Living Labs. This duality reflects context-dependent 
framing. For example, while collaboration was seen as beneficial in Spain due to strong cooperative structures, 
it was perceived as burdensome in more individualistic contexts such as Germany or the UK. This highlights 
the importance of stakeholder engagement quality and regional institutional capacity as key moderators of 
perception.

For managers in cooperatives, ag-tech firms, and farm service providers, the results of this study underscore 
the importance of investing in long-term relationships, user-centered design, and transparency. Managers 
should prioritize interoperability across platforms, support multilingual and low-literacy interfaces, and 
create pricing models that accommodate small-scale users. Equally, advisors and consultants should consider 
embedding trust-building activities, such as co-evaluation or participatory pilots, within their engagement 
strategies.

This study extends the existing literature by providing a nuanced understanding of the financial, temporal, 
and social costs of farm digitalization from a multi-stakeholder perspective. The findings underscore the 
importance of equitable and inclusive approaches to digital transformation, ensuring that the benefits of 
digitalization are accessible and sustainable for all stakeholders in the agricultural sector.

We provide the following detailed and stakeholder-specific strategies to mitigate perceived costs and enhance 
the equitable benefits of farm digitalization (Table 4).

Table 4. Recommendations
Identified 
challenge

Key stakeholders Specific strategy

High upfront 
costs

Farmers, Cooperatives, 
Policymakers

Subsidies for digital infrastructure; group purchasing schemes; 
shared service models

Trust deficits Farmers, Tech providers, 
Advisors

Participatory design processes; independent certification of 
tools; long-term support contracts

Governance 
ambiguity

Cooperatives, Farm unions, 
Policy makers

Farmer-led data governance; transparency in platform 
ownership and decision-making

Digital divide Smallholders, Local 
governments

Expand rural broadband; offline-compatible tools; deploy 
mobile training and support units

Training needs Extension services, NGOs Develop modular training; promote peer-learning through 
farmer champions
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This study has several methodological and contextual limitations. First, the focus group approach, while 
valuable for capturing interactive insights, is inherently shaped by group dynamics, moderator styles, and 
potential recruitment bias — such as the overrepresentation of early adopters or cooperative members, which 
may skew findings toward more optimistic perspectives (Acocella, 2012). Additionally, while prioritizing 
heterogeneity within groups helped identify shared experiences, it may have obscured nuanced differences 
between stakeholder subgroups. Second, as the study spanned multiple European regions, translation and 
transcription processes, despite rigorous protocols, could have diluted subtle cultural or linguistic nuances. 
Finally, the cross-sectional design limits our ability to assess how perceptions evolve over time; longitudinal 
studies would strengthen causal inferences. Like all qualitative research, these findings require contextual 
interpretation alongside broader literature to assess generalizability, particularly given agriculture’s diverse 
regional and operational landscapes.

6. Conclusions

The findings from the focus group discussions across Europe reveal that digitalization in agriculture holds 
transformative potential, offering significant benefits in terms of time savings, efficiency, and the emergence 
of new business models. While digital tools are universally recognized for their role in enhancing data-driven 
decision-making, improving planning precision, and supporting sustainable practices, the application and 
perceived benefits vary by region. Northern and Central European countries often prioritize technical 
efficiency and precision, while Southern European regions emphasize inclusivity, market adaptation, and 
modernization. The growing perception that it is “Good to Be a Digital Farmer” further underscores how 
digitalization is reshaping agriculture into a more attractive and inclusive profession, helping to reduce 
labour intensity, improve work-life balance, and promote environmental sustainability. However, despite 
these advancements, significant challenges remain, particularly concerning costs, trust, and equitable access 
to digital tools.

This study reveals that digitalization in agriculture holds transformative potential — but its costs, benefits, 
and perceptions are deeply context-dependent. Regional conditions, trust dynamics, and governance models 
shape whether digital tools are seen as empowering or burdensome. To ensure that farm digitalization 
enhances sustainability, inclusivity, and competitiveness across Europe, policy frameworks must be sensitive 
to these local realities. Future research should investigate longitudinal outcomes and co-design practices 
that strengthen farmer agency and trust.

The perception of costs associated with farm digitalization reflects a complex interplay of financial, technical, 
and social barriers. Stakeholders across the 18 living labs expressed concerns over the high upfront costs, 
ongoing maintenance expenses, and the digital divide between larger and smaller farms. The lack of reliable 
infrastructure, mistrust in technology providers, and the burden of legal compliance were recurring issues that 
hindered the adoption of digital tools. To overcome these challenges, targeted financial support, investments 
in infrastructure, and transparent communication between stakeholders are essential. Additionally, fostering 
inclusivity, improving data security and ownership practices, and creating collaborative platforms for 
resource-sharing can help ensure that the benefits of digitalization are accessible to all farmers, irrespective 
of size or location. Addressing these barriers is crucial to realizing the full potential of digitalization in 
agriculture and promoting a sustainable, equitable transformation across Europe’s agricultural sector.
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Appendix

Table A1. Characteristics of the 18 Living Labs (LLs) in this study
LL name 
(country)

Dominant 
farm size

Key digitalization 
focus

Primary stakeholders Regional challenge

Agdibi LL 
(Germany)

Small-scale Precision 
monitoring in crop 
production

Farmers, tech providers, 
vocational teachers

Urbanization

Agrifood ILVO 
(Belgium)

Large-scale Automated crop 
management

Farmers, tech providers Data interoperability 
issues

Agroecology LL 
(Spain)

Mixed Sustainable practice 
adoption

Tech providers, policy 
advisors,

Data structure and 
availability

Appetit LL
(Poland)

Small-scale Establishing local 
markets

Farmers, processors, 
retailers

Logistics and sales 
problems

Orchard LL 
(Czechia)

Mixed Robotic harvesting Farmers, robotics 
engineers

Lack of effective data 
and decision support 
tools

Grassland Label 
(Latvian)

Small- 
medium

Pasture monitoring 
apps

Dairy farmers, 
certification bodies

Connectivity in rural 
areas

Greek LL 
(Greece)

Smallholder Drone spraying 
efficiency

Farmers, advisors, 
researchers

Lack of support and 
information

Greenhouse LL 
(Serbia)

Large-scale Climate control 
automation

Farmers, advisors, 
researchers

Energy costs

Hutton LL 
(Scotland)

Small Digital tools and 
platforms

Researchers, 
progressive farmers

Digital support issues

LL Soil Scanner 
(Hungary)

Mixed Nutrient 
management

Farmers, farm advisors Internet connectivity

Latvia LL (Latvia) Small-scale Enhance market 
position

Subsistence farmers Rural depopulation
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Lit Ouest (France) Small-scale Improving pig 
welfare

Veterinarians, farmers Tech structure and 
issues

New Edu LL 
(Slovakia)

Mixed Automatic 
irrigation

Farmers, policy makers Climate 
change – conditions

Occitanum Sheep 
(France)

Medium Automatic measure 
tools

Farmers, advisors Mountain terrain 
limitations

Occitanum Viti 
(France)

Small- 
medium

Money and time 
management

Organic viticulturists, 
advisors

Climate conditions

Pecorino Toscano 
(Italy)

Mixed Efficiency of sheep 
management

Farmers, technical 
advisors

Depopulation of 
sheep farmers

Ramas LL (North 
Macedonia)

Large-scale Advisory system Farmers, advisors, 
policy makers

Climate conditions 

Smart Villages 
(Slovenia)

Small-scale Rural broadband 
initiatives

Local governments, 
farmers, advisors

Connectivity 
challenges

Farm Size is classified based on Eurostat thresholds (e.g., small, <10 ha; medium, 10–50 ha; large, >50 ha). Policy alignment: links 
to national/EU strategies mentioned in focus groups. Challenges are derived from focus group transcripts.

Table A1. Continued.

Table A2. Major themes, subthemes, and example quotes: time
Subtheme Example quotes

Data-driven decision 
making

“Digital tools help in quickly and efficiently transmitting information.”
“Reliable data aids in timely decision-making.”
“Data-driven insights could aid in decision-making, better manage their forage, and 
thus save on farm inputs.”
“A new Excel is created every time, and you can probably combine it all with three 
clicks.”
“AI could process raw data to answer a wide range of questions within a very short 
space of time.”

Efficiency gains “Precise application of inputs based on data in real-time can lead to cost savings.”
“Economic indicators can be tracked more clearly digitally, so decisions can be made 
faster.”
“Economic efficiency, better access to information, data-based decisions, and fast 
user-friendly services.”
“Building an archive for customized feed production is a time-consuming job … a 
proposed app could facilitate data transfer, significantly reducing the time required.”

Enhanced planning 
and management with 
real-time data

“Digital tools help to speed up planning for the year and in the long-term.”
“Real-time information is an essential aspect of successfully implementing RAMAS.”
“Anything that can be connected to the data is going to be advantageous for the 
system.”
“We have, imagine, 2000 hectares of tomato, we do not need 1000 hectares of 
tomato … this can also be managed a little bit with data.”
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Table A3. Major themes, subthemes, and example quotes: new business models
Subtheme Example quotes

Enhanced decision-
making and 
management

“Delivering the right amount [of animal feed] to the sheep that needs it … allows for 
savings.” (French farmer)
“Digital tools are helping farmers optimize crop rotation and irrigation patterns, 
ultimately leading to higher yields.” (Greek participant)

Sustainability and 
security

“The soil scanner technology can contribute to increasing farmers’ income … by 
enabling more efficient management of production processes, optimizing fertilizer use, 
and increasing crop yields.” (Soil expert, Hungary)
“Digital platforms are used to monitor supply chains and ensure food safety, while 
also facilitating traceability.” (Polish market organizer)

Efficiency and 
simplification

“Digital tools are a ‘commercial weapon for co-operatives,’ helping to efficiently track 
inventory, manage production schedules, and communicate with customers.” (Spanish 
business advisor)
“Digital solutions help achieve greater scale in sales and reduce costs, ultimately 
improving financial health.” (Polish market organizer)

Engagement and 
modern image

“The next generation coming through will expect there to be an element of digital 
within the business, and it could be an opportunity to create new types of jobs, higher 
value jobs in the sector.” (Scottish policymaker)
“Digital tools can make farming more attractive to younger generations and women, 
as there are user-friendly applications.” (Greek participant)

Competitiveness and 
productivity

“Digital tools allow farmers to reach the end customer without intermediaries, 
enhancing profit margins and market reach.” (Polish farmer)
“Digital innovations are pivotal for achieving competitive advantages in the 
agricultural sector.” (Spanish business advisor)

Table A4. Major themes, subthemes, and example quotes: good to be a digital farmer
Subtheme Example quotes

Professional attraction 
and sense of belonging

“Digital agriculture can modernize the image of agriculture with the general public 
and enable more virtuous communication.” (Cultivation supervisor, France)
“Digital tools are helping young people find a sense of belonging in the agricultural 
sector by offering dynamic, modern career opportunities.” (Greek participant)

Visualization and 
transparency

“Digital platforms offer real-time data that can visualize farm operations, making it 
easier to track production and market trends.” (Polish farmer)
“Having clear visibility over farm operations and decisions through digital tools 
allows for better management and decision-making.” (Hungarian farmer)

Administrative 
efficiency and speed

“Digital tools can link office work and on-site work, which helps increase efficiency 
and speeds up administrative processes.” (Cultivation supervisor, France)
“We use digital tools to process applications faster, minimizing delays and improving 
response times.” (Spanish agricultural officer)

Inclusivity and 
cooperation

“Digital tools can make farming more attractive to younger generations and women, 
as there are user-friendly applications.” (Greek participant)
“Collaboration is enhanced as digital platforms allow farmers to share data and 
experiences, creating a more cooperative environment.” (North Macedonian farm 
advisor)

Healthier production 
and sustainability

“Digital tools help optimize resource management, leading to healthier, more 
sustainable farming practices.” (French farmer)
“Advanced digital tools are helping farmers reduce pesticide use, leading to healthier 
crops and more sustainable production.” (Hungarian soil expert)
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Table A5. Major themes, subthemes, and example quotes: trust issues in farm digitalization
Subtheme Example quotes

Trust issues among 
farmers and 
governments

“We lack infrastructure to accommodate digitalization”; “A small farmer needs a 
vision not a technology”; “… it is often a time and energy issue to … learn some new 
technology or digitalization …”

Trust issues among 
farmers and tech 
providers

“They are very good at coming to sell. … They can come quite a few times for a 
breakdown. But after that, it stops there”; “But why does the processing of drone data 
take so long?”; “The technology can do a lot, but it’s not very accessible to farmers.”

Trust issues among 
farmers and 
consultants

“I think the role of the agronomist will become very important”; “A farmer’s trust is 
hard to gain and easy to lose. If the detection tool is 9 times right and 1 time wrong at 
a farm, this ‘news’ is spreading fast among farmers.”

Key concerns and 
anxieties

“The cost of service (unknown)”; “… if the farmers need to digitalize, there are 
too many platforms that don’t communicate with each other for farmers to keep an 
overview.”

Information and 
decision-making

“The innovations must be presented [to the farmer] in an accessible way”; “… the 
learning curve is too steep for farmers to learn/do all this.”

Table A6. Major themes, subthemes, and example quotes: time and resource challenges
Subtheme Example quotes

New human resources 
needed

“Bigger farms can hire specific people (masters) to do this data analysis and this 
technical work”; “Digitizing it is to some extent a costly process for all parties to 
implement.”

The learning curve 
theory anxiety

“…, it is often a time and energy issue to … learn some new technology or 
digitalization …”; “…, drones could be a new way to gather more data and 
knowledge.”

Obsolescence of 
technology

“If I buy one robot it will be … obsolete in 2–3 years, so it is an endless need for 
money …”; “Over the past year, the information technology has changed so much that 
what we do and what we have already seems terribly archaic.”

Infrastructure for 
digitalization

“We lack infrastructure to accommodate digitalization”; “And the fact that those 
systems don’t connect with each other, that’s just creates new problems, of course.”

Balancing time 
investment with 
returns

“…, the farmer must be willing to spend another 20–30 minutes on every field to do 
these flights. I don’t know if that will be the case.”; “They make it, they get the money 
and don’t care how it works in real life afterwards. It’s very common. Most of the 
time, that’s what happens to us.”
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Table A7. Major themes, subthemes, and example quotes: risks in farm digitalization
Subtheme Example quotes

Economic risks “The costs will certainly come from maintaining any digital tool … because it needs 
to be kept up to date … so it really actively does its job well.”

Operational risks “If there’s more data, that’s cool, but everyone works more and even more than 
before, and the money doesn’t increase.”

Technological 
reliability and 
obsolescence

“Over the past year, the information technology has changed so much that what we do 
and what we have already seems terribly archaic.”

Data security and 
privacy risks

“The ‘GDPR’ issue is a big one … and the right GDPR policy means additional costs 
for the farm.”

Practical application 
and user resistance

“Digitalization is not just buying a sensor. They need maintenance. You need a team 
of people behind you.”; “Customers disappear when they realize they’re being asked 
to order through an online store, that they can’t just ask the farmer directly.”

Table A8. Major themes, subthemes, and example quotes: the changing role of farmers
Subtheme Example quotes

Detachment from 
traditional farming

“There’s fear that farmers are getting detached from the production process (spend 
more time in front of computer than field).”

New vision for 
farming

“If the farmer wants to be open to visitors or users of the product, then over time there 
will be some kind of investment to arrange the farm in such a way as to accommodate 
guests.”

Skills needed for 
modern farming

“To manage all that, then comes logistics, training, specification, and design of new 
product development, because that is now, in five years there will be other sensors and 
other things.”

Obsolescence of 
traditional skills

“Do you think that digital can make you lose knowledge, skills? A farmer answered: 
Yes, that’s for sure.”

New forms of 
collaboration

“There is no single system for all projects where cooperation is possible, and not just 
to build another one of the same.”
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Table A9. Major themes, subthemes, and example quotes: ownership and governance
Subtheme Example quotes

Who pays/owns? “In the end, us – the producers – will pay for it.” (Czech farmer)
“Technology will help, but anything technological can be a financial burden to a 
farm. If a farm can’t afford the technology, there will be no contribution.” (Slovenian 
farmer)
“Logically, it is the farmer or the user who will have to give money to get this 
solution.” (Business advisor, Slovenia)
“We’re moving too fast. We’re maybe not ready yet, but maybe we’re not quite ready 
to take ownership.” (Farmer, France)

Who controls? “We can’t minimize the role of the farmer [in digitalization]. You can put that decision 
in the hands of the farmer.” (Policy advisor, Belgium)
“There is already a lot of data available, and you don’t know who is doing what with 
the data and there is a lot of fear among farmers about exposing their expertise and 
knowledge.” (Farm advisor, Belgium)
“I like to have full control over the monitoring.” (Farmer, France)
“So, you over there pay those services like … storage of data, consulting … so the 
hardware is the least costly. You get it [hardware] per affordable price as he [tech 
provider] want to bind you to himself and then earn on you through the service.” 
(Technical product manager, Serbia)

Who benefits? “At the end of the day, it has repercussions depending on who makes the investment 
or who takes the final data.” (Producer group representative, Spain)
“The ideal scenario would be that the compensation of digitalization will come from 
labour and input savings.” (Farmer, Belgium)
“As with everything, the farmer will bear the cost.” (Farmer, Hungary)

Responsibility for 
losses

“We tend to rely on those things. And the problem is that the day it doesn’t work. 
We’re a bit in trouble.” (Farmer, France)
“Given the high costs of digitalization, subsidies are necessary.” (Farmer, Greece)


